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Abstract. The low-mass star formation region associated with the reflection nebula Cederblad 1 10 in the Chamaeleon I cloud 
was mapped with the Australian Telescope Compact Array (ATCA) at 6 and 3.5 cm. Altogether 1 1 sources were detected, three 
of which are previously known low mass young stellar objects associated with the nebula: the illuminating star IRS 2 (Class III, 
Einstein X-ray source CHX 7), the brightest far-infrared source IRS 4 (Class I), and the weak X-ray source CHXlOa (Class III). 
The other young stellar objects in the region, including the Class protostar candidate Cha-MMSl, were not detected. The 
radio spectral index of IRS 4 (a = 1.7 ± 0.3) is consistent with optically thick free-free emission arising from a dense ionized 
region, probably a jet-induced shock occurring in the circumstellar material. As the only Class I protostar with a 'thermal jet' 
IRS 4 is the strongest candidate for the central source of the molecular outflow found previously in the region. The emission 
from IRS 2 has a flat spectrum {a = 0.05 ± 0.05) but shows no sign of polarization, and therefore its origin is likely to be 
optically thin free-free emission either from ionized wind or a collimated jet. The strongest source detected in this survey 
is a new compact object with a steep negative spectral index (-1.1) and a weak linear polarization (~ 2%), which probably 
represents a background radio galaxy. 
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1. Introduction 

The Cederblad 110 (Ced 110) reflection nebula in the 
Chamaeleon I molecular cloud is associated with one of the 
nearest low-mass star forming regions, with young stellar ob- 
jects (YSOs) in all dififerent phases from a pre-stellar clump and 
Class protostellar candidate to a Class III pre-main sequence 
star (for YSO classification, see Lada <1987> and Andre et al. 
<199 3'». The region is therefore favourable for studies of the de- 
pendence of radio continuum emission on the stellar evolution- 
ary stage. On the other hand, a centimetre continuum mapping 
may reveal protostars, which have remained undetected in the 
infrared because of large optical depths. With these prospects 
as motivation we have mapped the central part of the nebula 
with the Australian Compact AiTay (ATCA) in continuum at 
6 cm and 3.5 cm, in order to investigate the nature of the known 
stellar sources and to search for new protostellar candidates. 

The region has been studied in great detail in the near-IR 
by Zinnecker et al. G1999) and Persi et al. (2Q01i , in the mid- 



IR by Persi et al. (I2000> . and in the far-IR by Lehtinen et al. 
<200 1V These papers contain all the relevant references to pre- 
vious studies at various wavelengths ranging from 1.3 mm to 
X-rays. The YSOs identified in different surveys are listed in 
Tabled which also gives the estimated infrared class, and the 
region of the electromagnetic spectrum where the source is de- 
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tected. The brighest star in visible light and in the X-rays is the 
weak-lined T Tauri star (Class III) IRS 2 {Eintein X-ray source 
CHX 7), which is the illuminating star of Ced 110. The Class I 
object IRS 4 is the most prominent far-infrared source, whereas 
the 1.3 mm continuum map is dominated by the Class candi- 
date Cha-MMSl (the references are given in TableQJ. 

The distribution of molecular gas in the region has been 
studied by Mattila et al. ( 1989j, and more recently by Mizuno 
et al. (1999). Mattila et al. J1989> detected a bipolar molecu- 
lar outflow originating somewhere in the centre of Ced 110. 
Reipurth et al. ( 1996) mapped the centre of Ced 110 in con- 
tinuum at 1.3 mm with a resolution of 22", and detected a 
marginally resolved bright dust continuum source they called 
Cha-MMSl. This source is coincident with the centre of a 
dense molecular clump studied in several molecular species 
by Kontinen et al. (2000i. Reipurth et al. suggested that Cha- 
MMS 1 contains a Class protostar, which is the driving source 
of the molecular outflow and Herbig-Haro objects HH 49/50 
located about lO'south of it. Since the central sources of 
Herbig-Haro flows are often detected in radio continuum (e.g. 
Rodriguez & Reipurth ll996t . one of the aims of the observa- 
tions discussed here was to verify - or invalidate - this sugges- 
tion. 

In Sect. 2 of this paper we discuss briefly the mechanisms 
of radio emission associated with newly born stars. In Sect. 3 
we describe our observational procedure. In Sect. 4 we present 
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the results and discuss the properties of individual sources in 
the light of previous surveys and some theoretical expectations. 
Finally, in Sect. 5 we summarize our conclusions. 



2. Cm-wavelength continuum emission from YSOs 

A large fraction of the youngest protostars, i.e. those belong- 
ing to the Classes and I, have been detected in radio contin- 
uum at cm wavelengths (e.g. Anglada ll996l Rodrig uez[B94i 
Class III objects are often associated with non-thermal ra- 
dio emission. On the other hand, the detection rate amongst 
Class II protostars is lower than for the other classes. Gibb 
J199 9I discussed this problem and suggested a scenario in 
which the dominant emission mechanism at cm wavelengths 
changes with the age of the YSO. According to this Class and 
Class I objects, which are in the main and late accretion phase, 
respectively, emit thermal free-free emission from ionized jets, 
but this emission declines with time when the accretion rate 
or outflow efficiency (which are intimately linked) go down. 
Finally in the Class III stage, synchrotron emission from the 
exposed pre-main-sequence star becomes the dominant mech- 
anism (see also Wilking et al. l2001> . 

Thermal emission can arise directly from stellar winds or 
collimated jets, or from shocks associated with jets or infall 
onto accretion disks. Non-thermal emission is related to mag- 
netic fields close to the chromospherically active YSO, and/or 
to the star-disc interaction region. It is known that ionization by 
stellar photons is insufficient to produce the continuum emis- 
sion in low luminosity sources such as those in Cederblad 110 
(see e.g. Rodriguez et al. 1989 1. Reviews on possible ther- 
mal and non-thermal emission mechanisms in connection with 
young stars at different stages of evolution are given e.g. in 



Table 1. YSOs associated with Ced 1 10 
IR Class designation other name 



spectrum references 



Anglada J1996> . Andre (I1996> . Panagia J1991> . and Feigelson 
& Montmerle J1999> . Models explaining the observed prop- 
erties of the free-free emission sources are presented e.g. in 
Reynolds (119861 colUmated ionized winds), Curiel et al. J1987I 
Herbig-Haro shocks), Neufeld & Hollenbach ( 1996 accretion 
shocks), and Ghavamian & Hartigan til998i shocks in dense 
gas). 



3. Observations and data reduction 

Cederblad 110 was observed with the Australia Telescope 
Compact Array (ATCA), located at Narrabri, New South 
Wales, Australia. The observations were made on 2000 May 
24 and 28, with the 1.5A array configuration. The frequencies 
4.80GHz (6cm) and 8.64GHz (3.5cm) were observed simul- 
taneously. The correlator configuration used provided at each 
frequency a total bandwidth of 104 MHz recorded as a 13 chan- 
nel spectrum. 

The calibration sources were selected from the ATCA 
Calibrator Source Catalogue ("Reynolds 1 1997> . The Seyfert 2 
galaxy PKS 1934-638 was used as the primary flux calibrator, 
and the phase-reference calibrator was the quasar PKS 1057- 
797. The flux densities and the degrees of polarization of 1057- 
797 were found to be higher than those given in ATCA cata- 
logue (see Table|2j. 



Class 
or earlier 

Class I 



Class II 



Class III 



Cha-MMSl 



IRS 4 
IRS 6 

ISO-Chal 86 
NIR 89 



ISO-Chal 97 
ISO-Chal 101' 
NIR 72 
NIR 84 



IRS 2 
CHXlOa 



ISO-Chal 84 
ISO-Chal 92 
NIR 98 



NIR 131 
NIR 141 



1.3 mm 



IR 

IR, X-ray 

IR 

NIR 



IR 

IR, X-ray 

NIR 

NIR 



c,f 



b,e,f,g,h 
b,d,e,f,g 
e,g,f 



e 

d,e 



CHX 7, IR, X-ray a,b,d,e,f 

ISO-Chal 75 

ISO-Chal 117 IR, X-ray a 



a Feigelson & Rriss ( 1989 1; b Prusti et al. ( 1991 1; c Reipurth et al. 
1 1996 (; d Carkner et al. a998i) ; e Persi et al. ^20001; f Lehtinen et al. 
( 2001 1; g Persi et al. (20011: h Zinnecker et al. jT999 1 
' The infrared spectral index between 2.2 fim and 14.3 yum, defined as 
aijf = dlog(/^FJ)/dlog(/^), is -0.2. This value is close to the border 
between Class I and II objects (-0.3) 

Table 2. Observational parameters. The position angle is mea- 
sured to East from North 



Target source 
Phase centre 

Frequency 
Bandwidth 

Flux calibrator 



Phase calibrator 



Ced 110 

R.A. ll''06"'39.P 
(12000.0) 
4.80 GHz 
104 (13 X 8) MHz 

PKS 1934-638 
S 4.80GHz = 5.83 Jy 

PKS 1057-797 
'54.80GHz = 2.58 ly 
Linear polarization 
6% (PA. 80°) 
Image processing Naturally weighted 
Synthesized beam 6.4" x 5.8" 
Beam position angle -48° 
RMS noise level 34^Jybeam ' 



Dec. -77°22'58" 
(12000.0) 
8.64 GHz 
104(13 X 8) MHz 



58.64GHz = 2.84 ly 

58.64GHz =2.44 Jy 

7% (PA. 83°) 

4.0" X 3.7" 
-58° 

35 yujy beam ' 



The observations were made in two 12 hours runs, alternat- 
ing between the target source (25 minutes) and the phase cali- 
brator (5 minutes). During the first night the observations were 
interrupted by rain for an hour, but during the second night the 
weather was excellent. 

The data were calibrated and cleaned with the Miriad pack- 
age (Sault et al. I1995> . The inversion was performed using all 
the channel information (i.e. multifrequency synthesis). The 
flux densities of the detectected sources were derived from 
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Fig. 1. Radio and infrared sources in the Cederblad 110. The 
cm continuum sources are marked with filled circles and the 
sources detected in other surveys are marked with filled tri- 
angles. Solid contours show the intensity of the 200 /im emis- 
sion ridge (Lehtinen et al. 2QQli . from 40 to 115 in steps of 
15 MJy sr ' . The dashed contours show the integrated intensity 
of C"*O(y=l-0), from 0.2 to 2.0 in steps of 0.2Kkms-i. The 
velocity vectors of Herbig-Haro 49 and 50 (mean of HH 50a-e) 
are indicated with arrows 



naturally weighted images corrected for the primary beam re- 
sponses. The noise levels at the centres of the images, and the 
synthesized beams are given in Table |5] Intensity maxima ex- 
ceeding 3x the local rms are considered as detections. 

4. Results and discussion 

Altogether 1 1 radio sources were identified by inspecting the 
maps visually. The characteristics of the detected sources are 
summarized in Table |3l In this table we give for each source 
the designation, the equatorial coordinates, the angular size, the 
flux densities at 3.5 and 6 cm and the spectral index, a, deter- 
mined from the latter two values. The radio source Ced 1 10 R5 
has two maxima, which are treated as separate components. 
The error in the a is estimated on the basis of random noise 
only. Objects that may be associated with the radio sources at 
other wavelengths were searched in the SIMBAD database. 

Three of the detected sources are previously known objects: 
the infrared sources IRS 2 and IRS 4, and the X-ray source 
CHXlOa. The rest are new sources, and we designate them as 
Ced 110 Rl, Ced 110 R2, etc., where "Ced 110 R" stands for 
"Ced 1 10 radio source". The mm-wave continuum source Cha- 
MMS 1 was not detected. As can be seen from Table |3j only 
three sources, Ced 1 10 Rl, IRS 2 and IRS 4, are visible at both 
3.5 and 6cm. 



Fig. 2. The 6 cm contour map of the source Ced 110 R5. The 
contours are from 70//Jybeam"' to 150/iJy beam"' in steps 
of 20/zJy beam"'. The position of the infrared source ISO- 
Chal 101 (the cross) and a circle depicting the X-ray intensity 
contour of 25 counts per pixel measured with ROSAT PSPC 
(Carkner et al. 1 19981 1 are shown. The FWHM beam size is 
shown at top left 

The positions and sizes of the detected sources have been 
determined by two-dimensional gaussian fits. If a source is 
pointlike, the flux and its error given in Table |3l are the peak 
flux and its error of the gaussian fit. For resolved sources the 
flux is determined by adding up the pixels with flux density 
greater than the local 3 cr rms noise value. The error of the in- 
tegrated flux density for resolved sources is derived using the 
formula 

cr = (ToiN/ey^ , (1) 

where ctq is the rms noise in the background, is the number 
of pixels over which the source is summed up, and is the 
number of pixels per beam. 

If a source is detected at one frequency only and is found 
to be extended, the upper limit of integrated flux at the other 
frequency is estimated according to the formulation of Bertlan 
et al. ( 1200 U . We use the equation Sum - ScrA'^ '', where A is 
the source size in units of beam area, cr is the local rms noise, 
and assume a nominal 3cr detection as for point sources. 

The locations of the radio sources are indicated with filled 
circles on the map presented in Fig.^ This figure shows the ex- 
tended far-IR emission ridge from Lehtinen et al. (2001 ) over- 
laid on an unpublished C"*0(7 =1-0) integrated intensity 
map. The sources detected previously in other surveys are in- 
dicated with filled triangles. 

In the following we first discuss spectral indices predicted 
by diff'erent models of thermal radio emission from YSOs, and 
then in the next subsection, the nature of individual sources 
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Table 3. Radio continuum sources detected in Cederblad 110. Flux upper-limits are calculated assuming a point source with a 
peak intensity of three times the rms. The positional accuracy is expected to be better than 2". The angular size is the measured 
FWHM along the major and minor axes at 3.5 cm, or at 6 cm if 3.5 cm data are not available, with uncertainty in parentheses. 
The quantity S is the intensity integrated over the source. The errors in S and a are estimated on the basis of the local rms noise. 





Position 


Angular 


5 (3.5 cm) 


S (6 cm) 


a 


Notes 


Source 


acaooo) 


(5(2000) 


size ["] 


[mJy] 


[mJy] 






Ced i lU Kl 


i 1 U J 1 J .y 


-77°21'01'.' 1 


4.11X4.1 (0.1, O.lj 


/.6±0.1 


14. /4±l).02 


1 no 1 n HQ 
-1.09+0.03 


1 


Ced 110 R2 


llh05"4€5 


-77°26'39'.'3 


5.9x10.7 (0.1,0.1) 


< 1.3 


1.6±0.1 


< -0.3 


2 


Ced 110R3 


ll'"06"'00:8 


-77°22'05'.'9 


3.1x4.2 (0.3, 0.4) 


0.12±0.04 


<0.06 


> 1.3 


2 


IRS 2 


ll''06'"15H 


-77''21'56'.'8 


3.6x3.9 (0.1,0.1) 


1.10±0.02 


1.08±0.01 


0.05±0.05 


1 


Ced 110R4 


11''06'"1T;4 


-77°22'38'.'5 


3.2x4.2 (0.6, 0.8) 


0.04±0.02 


< 0.03 


> 0.1 


2 


IRS 4 


ll''06'"46:5 


-77°22'33'.'2 


3.5x4.6 (0.3, 0.4) 


0.17±0.02 


0.06±0.01 


1.7±0.3 


1 


Ced 110R5a 


ll'"07'"13H 


-77°21'57'.'9 


5.4 (0.3) 


< 0.12 


0.21±0.02 


< -0.9 


1 


Ced 110R5b 


11'"07'"1Z2 


-77°21'55'.'7 


5.3 (0.4) 


< 0.12 


0.15±0.02 


< -0.4 


1 


Ced 110R6 


ll''07"'49':5 


-77°21'54'.'6 


5.7x6.9 (0.3, 0.4) 


< 0.22 


0.15±0.04 


< 0.7 


2 


CHXlOa 


11''07'"55'.7 


-77°27'25'.'0 


6.5x13.7 (0.3, 0.6) 




0.45±0.11 




2 


Ced 110R7 


ll''08'"0S0 


-77°23'47'.'l 


6.0x8.9 (0.1,0.1) 


< 1.3 


1.33±0.09 


< 0.0 


2 



' Flux is the peak flux of a gaussian fit 

^ Flux is derived by summing up the pixels having flux greater than the local 3 cr noise 



detected in this survey on the basis of their radio properties and 
association with known objects. 

4.1. Spectral indices of thermal sources 

The predicted spectral index a (5v oc y") of the so called stan- 
dard spherical wind, i.e. a fully ionized, constant velocity and 
isotropic stellar wind, is 0.6 at centimetre wavelengths (e.g. 
Panagia & Felli'1975'(. Reynolds J1986t have modelled contin- 
uum emission from both coUimated and accelerated spherical 
flows. According to these results the spectral index can increase 
above 0.6 for an accelerated flow, but a collimated ionized flow 
produces a flat spectrum with a < 0.6. Rodriguez et al. ( 1993 1 
have shown that the spectral index expected from an ionized 
jet is always greater than -0.1, irrespective the geometry and 
possible dumpiness. 

Optically thick free-free emission can be detected from 
shocks occurring in very dense gas, as in the situations 
of accreting material falling onto a circumstellar disk or a 
jet penetreting into dense circumstellar material (Neufeld & 
HoUenbach lT^ Ghavamian & Hartigan lD^ . 

4.2. Radio emission from the young stars IRS 2, IRS 4 
and CHXWa, and thermal sources possibly 
associated with Ced 110 

IRS 2 is the second strongest 3.5 cm source in this survey, 
and the third strongest at 6 cm. The spectral index is 0.05 + 
0.05, and the radio continuum luminosity at 3.5 cm Ls.jcm = 
0.025 mJy kpc^. The luminosities are estimated using the dis- 
tance 150 pc to Chamaeleon I (Knude & H0g ■1998). As an 
evolved YSO IRS 2 is probably not associated with a thick ac- 
cretion disk. The ionized winds or collimated jets emanating 
from this star are therefore likely to proceed freely, and accord- 
ing to models quoted in Sect. 2 the free-free emission should 



show a flat spectrum as indeed is the case. Consider the model 
of Reynolds J1986> for an isothermal, constant-velocity, fully 
ionized flow with w(r) oc r^, where w{r) is the half-width of 
the jet perpendicular to its axis and r is the distance from the 
central source. In this model the spectral index in the optically 
thick case depends on e according to a - 1 .3 - 0.7 /e. The spec- 
tral index observed towards IRS 2 would then correspond to the 
collimation exponent e = 0.6. 

The powerful X-ray emission associated with IRS 2 im- 
plies, on the other hand, magnetic activity close to its surface. 
Magnetic loops or fast shocks caused by ejecta from the surface 
may be sources of non-thermal radio emission. The observed 
spectral index is in fact consistent with moderately optically 
thick synchrotron emission. These kind of activities are gener- 
ally associated with detectable circular polarization. No polar- 
ized signal is, however, detected towards this source. Without 
further evidence for the synchrotron model we think the more 
likely alternative is that the radio spectrum is dominated by 
free-free emission from ionized jets. 

IRS 4: The radio source is located about 2"to the north- 
west from the position of the highly reddened illuminating star 
of the bipolar reflection nebula discovered by Zinnecker et al. 
( 1 999.) (see also Persi et al. 2001 1. Taking the positional in- 
accuracies into account, the radio source is almost certainly 
associated with this star. The spectral index, 1.7 + 0.3, indi- 
cates optically thick free-free emission, which according to the 
models of Neufeld & Hollenbach J1996> and Ghavamian & 
Hartigan ( 1998 1 signifies shocks in dense circumstellar mate- 
rial. The existence of a massive circumstellar disk or envelope 
around IRS 4 is evident from the near-IR images of Zinnecker 
et al. and Persi et al. ("SDOTl. Far-IR ISOPHOT obser- 

vations of Lehtinen et al. 12001 1, where IRS 4 is by far the 
strongest source in the region, indicate a large circumstellar 
mass. According to the estimates of Persi et al. the mass of 
the central object is very low (0.1 - 0.3 Mq), which suggests 
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that powerful accretion shocks are less likely. Interaction be- 
tween stellar jets and surrounding material are therefore the 
most plausible origin of the radio continuum emission for this 
object. 

IRS 4 lies close to the centre of the molecular outflow de- 
tected in '^CO by Mattila et al. ( 1989 1. As the only Class I ob- 
ject in this region provedly associated with thermal jets IRS 4 
is probably the central source of the outflow. 

CHXlOa: Weak emission at 6-cm originates close to the X- 
ray source CHXlOa, which is classified as a weak-line T Tauri 
star, i.e. a Class III object (Feigelson & Kriss 1989; Feigelson 
et al. I1993I I. In the latter study the source was designated as 
CHXR28 (CHXR is for "Chamaeleon I X-ray ROSAT"), and it 
is also known as the infrared source ISO-Chal 117 (Persi et al. 
12000 1. At 3.5 cm the source lies outside the field of view limited 
by the primary beam response, and unfortunately we cannot 
derive even the upper limit for the spectral index. Judging from 
the nature of star, the 6 cm emission is likely to be synchrotron 
emission originating from magnetic loops close to the stellar 
surface. 

Ced 110 R3 and 4: These weak sources lying close to IRS 2 
in the centre of Ced 1 10 are detected at 3.5 cm only. The lower 
limits of their spectral indices are consistent with thermal emis- 
sion. We therefore consider it possible that these sources are 
associated with the Chamaeleon I cloud, perhaps representing 
shocks associated with jets emanating from one of the young 
stars in the region. 

4.3. Non-detections 

Cha-MMSl: A Class object should, by definition, show indi- 
rect evidence for the presence of a central protostellar object in 
the form of cm-wavelength continuum emission or a molecular 
outflow. Since Cha-MMS 1 was not detected in either frequency 
band, and the centre of the molecular outflow is not coincident 
with it, Cha-MMSl does not seem to fulfil the criteria for a 
Class protostar. Probably it represents an earlier stage where 
violent processes have not yet taken effect. The empirical rela- 
tion of Harvey et al. (^02 1 between the 3.6 cm continuum flux 
■5 3.6cm and bolometric luminosity Lboi for Class and I proto- 
stellar sources gives an upper limit of Lboi ^ O.IVLq, when the 
3 cr upper limit for the 3.5 cm flux density is used. The bolo- 
metric luminosity ~ 0.45 Lq derived from far-IR observations 
(Lehtinen et al. .2001 J is higher than this upper limit, suggest- 
ing that the Harvey et al. relation is not valid for Cha-MMSl, 
which supports the idea that it does not belong to Class 0. 

IRS 6: The Class I object IRS 6 belongs to the most lumi- 
nous YSOs in the region along with IRS 2 and IRS 4. Persi 
et al. (.2001 1 resolved this object into two components, IRS 6a 
and 6b, of which 6a dominates the mid-IR and far-IR emission. 
The far-IR and sub-mm data suggest that the negative result 
at cm wavelengths reflects profound differences between IRS 6 
and IRS 4, and not merely temporal variability (e.g. Lucas et al. 
12000 *). The far-IR spectrum of IRS 6 indicates much weaker cir- 
cumstellar dust emission than in the case of IRS 4 (see Table 2 



of Lehtinen et al. 1200 U . Moreover, as discussed in Carkner 
et al. (1998}, the fact fliat (unhke IRS 4) it was not detected 
in the 1.3 mm survey of Henning et al. ( 1993 1 betokens a lack 
of circumstellar envelope, and perhaps a more advanced stage 
of protostellar evolution. The non-detection in the radio could 
then be understood in terms of the evolutionary scenario laid 
out by Gibb Gl999j . and summarized in Sect. 2. 

4.4. Background objects 

The deep optical and near-IR surveys performed towards 
Ced 1 10 (Persi et al. l2001> have probably revealed aU Class III 
protostars in the region, for example the "naked YSO" -type 
objects with non-thermal radio spectra detected by Andre et al. 
J 19921 1 in the p Ophiuchi cloud. Radio sources with negative 
spectral indices in our maps without any counterpart in the 
near-IR are therefore likely to be background objects, and as we 
are rather far from the Galactic plane, these objects are proba- 
bly radio galaxies, although pulsars cannot be totally excluded. 

Ced 110 Rl: The previously unknown compact source 
Ced 110 Rl is by far the strongest 6 cm and 3.5 cm source 
in this survey. The rather large negative spectral index, a - 
-1.09 + 0.03, can be found among the various classes of extra- 
galactic steep-spectrum sources, but would not be unusual for 
pulsars, which often have, however, still steeper spectra in this 
wavelength range (see e.g. Kaplan et al. I2000t . Ced 110 Rl 
can be detected also in the Stokes Q and U images (220 and 
l6Qfj.}y, respectively), but not in Stokes V. As the I flux density 
is about 14.7 mJy, these results indicate linear polarization at 
the level 1.8%. Further observations to investigate the nature of 
this bright object seem warranted. 

Ced 110 R5: This marginally resolved source detected at 
6 cm is located within the dust emission ridge (see Fig. [3, close 
to the grouping of YSOs containing IRS 2, 4, 6 and 1 1 . A con- 
tour image of Ced 110 R5 is presented in Fig.|2l The image 
shows two emission maxima (components a and b) separated 
by ~ 3", and the southern source has an extension at about 2- 
3cr level reaching out to the east. The parameters of the compo- 
nents given in Table|3lwere determined by fitting two gaussian 
functions to the image. Both sources have negative spectral in- 
dices. The object lies close to the X-ray source which Carkner 
et al. ( 1998 1 associated with the infrared source ISO-Chal 101 
(see their Fig. l).The angular distance to Ced 110R5 from cen- 
tre of the X-ray source (~ 15") is about the same as from there 
to ISO-Chal 101 (see Fig.|2j- Judging from the positional co- 
incidence the association of Ced 1 10 R5 with the X-ray source 
is equally likely as it is for ISO-Chal 101. The separation be- 
tween between Ced 110 R5 and ISO-Chal 101 (corresponding 
to 4000 AU at a distance of 150pc) is too large to expect a 
connection. Therefore, as it is not associated with an infrared 
source, Ced 1 10 R5 is probably a background radio galaxy. 

Ced 110 R2, Ced 110 R6 and Ced 110 R7: These sources 
are visible at 6 cm only and for R2 and R7 the upper limits 
of the spectral indices are negative, suggesting optically thin 
synchrotron emission. The large upper limit of the spectral 
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index of R6 is due to its location close to the outer edge of 
the map. Most likely these sources background radio galaxies. 
Ced 110 R2 and Ced 1 10 R7 are slightly extended with ellipti- 
cal shapes. Ced 1 10 R2 is the second brightest source at 6 cm. It 
lies at a distance of about 10" from the X-ray source CHXR 15, 
which Feigelson et al. ( 1993 1 identified with a star visible on 
the ESO/SERC Sky Survey plates with an R-band magnitude 
of 16.0. The radio sources Ced 1 10 R6 and Ced 1 10 R7 have no 
counterpart in other surveys. The former object lies in the di- 
rection of the extended 200 fim emission ridge, but the location 
is probably purely coincidental. 

5. Conclusions 

Three YSOs associated with the Cederblad 110 star forma- 
tion region have been detected with the Australian Telescope 
Compact Array at 3.5 cm and 6 cm. These three sources, IRS 4 
(Class I), IRS 2 (Class III) and CHXlOa (Class III) represent 
different stages of stellar evolution. IRS 2 shows a flat spec- 
trum but no polarization, and these properties can be explained 
by optically thin free-free emission from ionized stellar wind 
or a coUimated jet. The spectral index of IRS 4 is consistent 
with optically thick free-free emission, probably arising from a 
jet-driven shock in the circumstellar material. The other lumi- 
nous Class I source IRS 6 is not detected in radio, but there are 
indications in previous sub-mm and far-IR observations that it 
has less circumstellar material than IRS 4 and can thus repre- 
sent a more evolved protostar The fact that of the four Class I 
objects in the region only the strongest far-IR source (IRS 4) 
is detected in radio, suggests a correlation between the outflow 
activity and the amount of circumstellar matter. The radio prop- 
erties of IRS 2 and IRS 4, and the quietness of IRS 6, conform 
with the concept that the radio activity and the nature of the 
emission change in the course of protostellar evolution, as dis- 
cussed e.g. by Gibb ( 1999 1 and Feigelson & Montmerle ( 1999 1. 
The spectral index of radio emission from CHXlOa could not 
be determined because it lies outside the FOV at 3.5 cm. As the 
star is a Class III object associated with X-ray emission, the 
6 cm emission is probably non-thermal. 

The Class candidate ChaMMS-1 (Reipurth et al. [T996t 
is not detected in radio. Thus, since there is no clear evidence 
for jets or outflow associated with this source, we suggest that it 
represents a still earlier protostellar stage or a pre-stellar clump. 
As a Class I protostar with optically thick ionized wind IRS 4 is 
the most likely candidate for the central source of the molecular 
outflow detected by Mattila et al. ( 1989 1. 

Eight radio sources with no counterpart in other wave- 
lengths were detected in the region of Ced 110. Two of these 
additional sources were detected at 3.5 cm only and can be 
shocks associated with the star forming region. The rest have 
negative spectral indices and are probably radio galaxies. The 
brighest of these is a compact source with a spectral index of 
-1.1 and a weak linear polarization (~ 2%) at 6 cm. Further 
radio observations of this source seem warranted. 
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